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1 Introduction

D2D comprises two components. The first component is D2D Discovery and second is D2D Communication. As described in [2] the idea is that the D2D capable UEs shall be able to communicate using both the cellular network but also communicate directly with other D2D capable UEs without cellular infrastructure. The objective of this contribution is to discuss on a high-level the D2D UE Tx timing requirements for UEs in different states and scenarios. 
2 Background: Summary of UE Tx timing Requirements
The existing UE Tx timing requirements are specified in section 7.1 in [1] and the idea is to detect frame timing changes in the reference eNB (in the cellular case) and make adjustment to align the transmission of the UE. The UE timing requirements consist of the following requirements which are DL bandwidth specific:

1) UE initial transmit timing accuracy

2) Maximum amount of timing change in one adjustment

3) Minimum and maximum adjustment rate 
These requirements are discussed in next section with respect to D2D UEs, their RRC states and scenarios in which the D2D UEs can be operated in. The RRC states are IDLE and CONNECTED. The scenarios are In-Coverage, Partial Coverage and Out-of-Coverage (OoC).
The existing UE initial transmit timing requirement is given in table below and it defines the initial transmit timing error limit (Te ) for UEs in DRX cycle for PUCCH, PUSCH, SRS. 

Table 1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS36

	Note: TS is the basic timing unit defined in TS 36.211


The value of Te indicates how much error the UE can handle without having any significant impact on the performance. It is used as reference value to compare the transmission timing error, and if the error is greater than this value, the UE is required to take some action by adjusting its timing within Te. When adjusting the timing the UE is required to follow certain rules that can be found in 7.2 in [1]. The existing requirement also consists of how much the adjustments made to the UE uplink timing shall be, and these are also defined in 7.1.2 in [1]. 
3 Discussion
The RRC_IDLE and RRC_CONNECTED states do already exist for cellular UEs and their requirements are defined in section 4 and 5 in [1]. Out-of-Coverage (OoC) is a new state in which D2D UEs can be in; OoC is a state which is neither RRC_IDLE nor RRC_CONNECTED. D2D UEs may enter this state in scenarios in which there exist no cellular coverage but other D2D capable UEs may be in UE detectable area.
In cellular network case the UE initial transmit timing is based on DL timing of the reference cell. But in D2D case there exist several options from which the Tx timing can be derived depending on the operating scenario. This is discussed more in detail below. 
3.1 Scenarios

In comparison to the UEs in cellular network operation only, there exist four different scenarios in which D2D UEs can operate in. The cellular UEs use the DL signals from the reference network (or camped network depending on what type of UE it is) as basis to derive the UE Tx timing. The scenarios in D2D are:

1) In-Coverage
a. In-Coverage-Single-Cell
b. In-Coverage-Multi-Cell
The question on what source a D2D UE shall use as basis for detecting the UE Tx timing may depend on in which scenarios the UE is in. For the In-Coverage scenario, wherein the UE is in coverage area of eNB, it is preferred to use the received DL signal from the reference cell’s eNB to derive the UE Tx timing. This means reusing the existing procedure. The UEs in this scenario may be in one of the two RRC states: 
· IDLE; in this case the UE may use the DL signal from its camped cell. 
· CONNECTED mode it may use the DL timing from its reference cell (serving cell). It is also noteworthy that the RAN1 working assumption on selection of timing reference is as follows:

“D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs” [List of RAN1 agreements on D2D up till RAN1#78]. 

This implies that the D2D UE in In-Coverage scenario uses DL timing signal from eNB to derive the UE Tx timing.

The second question here is given that a D2D UE is in coverage area of several cells (option b above), and the question is then which of these cells the D2D UE shall use as reference to derive the UL Tx timing. This scenario is not a new scenario, and exists already in the cellular network that is to use the reference cell or its camped cell as base. Also here it would be preferred to use the existing procedure here. 
In short, in in-coverage scenarios it is preferred to use existing procedure for deriving the UE tx timing and existing requirements for T_e and T_q may also be used for D2D UEs in this scenario.
· Proposal #1: In In-Coverage scenarios it is suggested that the D2D UE Tx timing is derived from the reference cell in RRC_CONNECTED state and from the camped cell in RRC_IDLE state. 

2) Partial-Coverage and Out-of-Coverage

Two new scenarios that come with D2D UE operation in cellular network which are Partial-Coverage and Out-of-Coverage (OoC). In the Partial-Coverage scenario the D2D UE is in the coverage zone of an eNB but also in proximity of other D2D capable UEs. But in the Out-of-Coverage scenario, the D2D UE has no cellular network coverage, but is in proximity to another D2D UEs. The main difference here, in terms of, method for deriving the UL TX timing, is that there are more options upon which the UE Tx timing can be derived upon. One option in the Partial-Coverage scenario is to use the received DL signal from the reference cell. 
· Proposal #2: In Partial-Coverage scenario it is suggested that the D2D UE Tx timing is derived based on the LTE cell that the UE is in coverage of. 

These two scenarios are challenging in many aspects. One is that there are multiple sources that can transmit DL timing signals and there are also multiple devices that can receive the transmitted timing signals. In the Out-of-Coverage scenario, there may be confusion at the receiving D2D UE if it receives signals from several synchronization sources. 
In an example it is assumed that D2D UE A receives DL timing signals from D2D UE B which is located at a distance of 50 m away from A. But the same D2D UE A also receives DL timing signals from another D2D UE C which is located at distance 80 m away from A. This particular example exemplifies the need to have a requirement that defines how and in what order D2D UE A shall choose UL synchronization source. In similar cellular scenario, the UE may choose its reference (serving) cell or its camped cell depending on the state of the UE as source to derive its UL timing. But in D2D OoC scenario there is neither reference cell nor camped cell. One solution for this could be to choose the DL timing signal from the D2D UE that has the strongest signal strength. In scenarios like this, it is proposed that:
· Proposal #3: In Out-of-Covergae scenario with UEs relaying synchronization originally from an eNB, it is suggested that the D2D UE Tx timing is derived based on the strongest UEs that relays synchronization originally from an eNB provided there exist any.

· Proposal #4: In Out-of-Covergae scenario with no UEs relaying synchronization originally from an eNB, it is suggested that the D2D UE Tx timing is derived based on the strongest received UE synchronization signal. 

· Proposal #5: In Out-of-Covergae scenario with no UEs relaying synchronization originally from an eNB and no detected other D2D synchronization source, it is suggested that the D2D UE Tx timing is derived based on UE internal synchronization.

Timing adjustment step and adjustment rates:
T_q specifies the maximum autonomous time adjustment step and it is also DL bandwidth specific. The rules for adjusting the UE uplink timing were designed to combat sudden changes in radio conditions and thereby prevent negative impact on eNB reception performance. This means that the adjustment in timing advance is not done in large steps. The question here is whether these rules for adjusting the timing advance can be the same for D2D UEs in Partial-Coverage and Out-of-Coverage or if they can be adjusted to improve the performance. Compared to in-coverage scenario wherein the eNBs are stationary whose DL timing is used, in OoC the D2D UEs may be more mobile and the radio conditions may change quickly. If UE Tx timing adjustment is based on received timing signal from this type of mobile D2D UEs, this may cause collision with subsequent subframe due to sudden change in propagation delay. We therefore suggest that the requirements for the maximum timing adjustment step, minimum timing adjustment rate and minimum timing adjustment rate are also specified for D2D UE in all states and scenarios. 
· Proposal #6: Requirements on maximum timing adjustment step, minimum and maximum timing adjustment rates are also specified for D2D UE in all RRC states and scenarios.
4 Summary  
In this paper we have discussed UE Tx timing requirements for D2D UEs operating in various scenarios. The scenarios are very different and there exist various options depending on the scenario. In brief, it is suggested that: 
· Proposal #1: In In-Coverage scenarios it is suggested that the D2D UE Tx timing is derived from the reference cell in RRC_CONNECTED state and from the camped cell in RRC_IDLE state. 

· Proposal #2: In Partial-Coverage scenario it is suggested that the D2D UE Tx timing is derived based on the LTE cell that the UE is in coverage of. 

· Proposal #3: In Out-of-Covergae scenario with UEs relaying synchronization originally from an eNB, it is suggested that the D2D UE Tx timing is derived based on the strongest UEs that relays synchronization originally from an eNB provided there exist any.

· Proposal #4: In Out-of-Coverage scenario with no UEs relaying synchronization originally from an eNB, it is suggested that the D2D UE Tx timing is derived based on the strongest received UE synchronization signal. 

· Proposal #5: In Out-of-Coverage scenario with no UEs relaying synchronization originally from an eNB and no detected other D2D synchronization source, it is suggested that the D2D UE Tx timing is derived based internal synchronization.
· Proposal #6: Requirements on maximum timing adjustment step, minimum and maximum timing adjustment rates are also specified for D2D UE in all RRC states and scenarios.
RAN4 needs to further investigate whether or not the existing requirements (i.e. Tx timing accuracy, adjustment step, adjustment rates etc.) can be reused especially in RRC Idle and Out-of-Coverage scenarios.
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